The purpose of this study was to examine the demographic circumstances and the autopsy findings regarding drowning deaths autopsied at the Department of Forensic Medicine, University of Aarhus. The study is based on autopsy reports from the Department of Forensic Medicine in Aarhus, 2006-2015 with drowning as a cause of death. Among the 135 cases of the study, 87 (64.4%) were accidents versus 33 (24.4%) suicides. The study showed, that the majority of the drowned 73,3% were males, especially pronounced in the accidents (81.6% were males). In 60.7% victims, there was a positive blood alcohol analysis, most often in males. Females with positive alcohol analyses did however have the highest mean alcohol blood level (1.65 versus 1.47 per mile). The most frequent place of the submersions was docks (24.4%) and the most frequent time of day was in the evening (18.00 -23.59; 19.3%) and at night (00.00 -05.59; 20.0%). The study shows no significant connection between adipocere and type of water (OR=1.21, 95% CI (0.49;2.99), p=0.68), bulging lungs and type of water (OR=1.18, 95% CI (0.52;2.70), p=0.69), lung weight and type of water (z-test, p=0.38) and the amount of pleural effusion and water type (z-test, p=0.16). A significant connection between the presence of pleural effusion and type of water cannot discounted (OR=2.37, 95% CI (1.06;2.44), p=0.02).
1
Normal lung weight is approximately 793 g. for women and 953 g. for men [11] . The lungs of drowned are often heavy due to the logging of water, but they can also appear overinflated and bulging due to an over-distension of the lung tissue [11] .
This study will attempt to contribute to the identification of the characteristic autopsy findings in drowning deaths. The main focus will be the amount of pleural effusion, lung weight and spleen weight, including potential differences in salt-and fresh water submersions. Additional focus will concern other findings such as aqueous gastric content and fluid in paranasal sinuses.
The registered autopsy findings in this study have been chosen on the basis of given standard examination at autopsies and present literature.
Hadley et al. [10] discovered a smaller and more anaemic spleen in submersions than in strangulations. A normal spleen weight is approximately 155 g. for women and 162 g. for men [11] . Yorulmaz et al. [12] discovered larger lungs with a greater amount of pleural effusion in submersions, including a greater amount of pleural effusion in submersions in salt water than in fresh water. This could be important in pursuance of the mechanism of drowning and the putrefaction process of the body in water. Furthermore it may contribute to clarifying the manner of death, if the body has been moved after submersion.
It is emphasized that the amount of time, the body has been submerged is an important factor when it comes to the amount of pleural effusion, as they discovered decreasing lung weight and increasing amount of pleural effusion in the course of time.
INTRODUCTION
In Denmark 60-70 individuals die per year from drowning [1, 2] [4, 5] . The focus will be on activity at death, age and blood alcohol levels in the drowning accidents, due to the fact, that alcohol related deaths in young -especially men -previously have been described [6, 7] .
The post mortem diagnosis of drowning can be difficult and the characteristic autopsy findings are ambiguous. Among the most often described autopsy findings, are internal and external froth, petechiae in the conjunctiva and/or the skin around the eyes, bulging and heavy lungs, aqueous gastric content, adipocere and skin macerations (hands and feet) [8] [9] [10] [11] . Froth is a result of proteinaceous oedema fluid from the lungs that are mixed with the water of the submersion. The froth can be found as internal or external froth, but is often missing due to the time the body has spent in water. The asphyxiation process of drowning may lead to the formation of the petechiae, whereas the aqueous gastric content may be a result of swallowing water during the drowning.
Adipocere and skin maceration are parts of the putrefaction process. 
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In the analysis of 219 Danish cases of drowning from 1987 to 1989
Kringsholm et al. [9] discovered that the lung weight decreased and that the amount of pleural effusion increased by time of submersion. They also found, that in 53% of the cases, a blood alcohol concentration of more than 0.1% was found, and that a majority of males drowned by accident.
By post mortem-CT examination Hyodoh et al. [13] discovered that the amount of pleural effusion increased in the course of time after death.
METHODS
We collected 136 autopsy reports ( figure 1) focus has been on the location of incident rather than the location, where the body was found. This is due to the fact that bodies can move away from the location of incident owing to water current.
Manner of death, gender, age etc. have been compared, and missing data is in general included in all analysis. Concerning alcohol analysis two cases have been excluded due to missing alcohol analysis (n=133).
Concerning blood alcohol levels, 63 additional cases were excluded due to missing blood alcohol analysis (n=68).
The statistics have been analysed in Microsoft Excel and R (R Development Core Team).
RESULTS
In 2006-2015 an average of 13-14 drowned individuals a year were examined at the Department of Forensic Medicine, University of Aarhus (figure 2).
The average age of the victims were 49 years (95% Confidence Interval (CI) = 45.92;52.08), in an interval of 0-82 years. Most cases were accidents, followed by suicides and undetermined manner of death ( [14, 15] . Of the 82 cases with a positive alcohol analysis, 19 had a blood alcohol level above 2,0 per mille, making the blood alcohol level a possible influence on the drowning it self.
The average blood alcohol level was highest in the age group of 36-45 years, whereas the lowest average blood alcohol level was found in the age group of 56-65 years (figure 3). The seasonal distribution of drowning deaths was relatively even with most during summer and winter, and in the evening/night. The most frequent location was docks (table 3) . Regarding emphysema and water type, no statistical significant association was found (Odds Ratio (OR)=2.03, 95% CI (0.95;4.34), p=0.069).
The same was the case for emphysema and bulging lungs (OR=2.02, 95% CI (0.80;5.11), p=0.14). 
DISCUSSION
Few studies have been done regarding circumstances and autopsy findings in drownings in Denmark. In Kringsholm et al. [9] 45 (61%) of cases had a positive alcohol analysis, which is similar to the findings in this study.
This indicates, that alcohol is an essential factor in drowning deaths. They furthermore described, that the most frequent site of incident was the ocean, in canals and in docks, which also is corresponding to the findings in this study. It could be interesting to examine the mean alcohol intake in the concerning regions of Denmark per year and compare it to the number of drowning deaths to investigate a possible connection between the societal alcohol consumption and number of drownings. This could also be addressed by comparing number of drowning deaths in different countries with the alcohol consumption in these countries.
The lung weights in this study were elevated proportional to normal lung weights, which was expected from Hadley et al. and Yorulmaz et al. [10, 12] . Comparing lung weights in submersions and in other causes of death, they discovered, that the lungs in submersions were heavier.
Comparing with a reference group, Kringsholm et al. found , that the lungs of drowning victims were significantly heavier than that of the references, but as was the case in our study, there was no difference in lung weights in salt water and fresh water submersions.
We found no difference in the amount of pleural effusion in salt water and fresh water submersions. By contrast, it cannot be excluded that pleural effusion is more often present in salt water submersions than in fresh water submersions. As pleural effusion has been correlated to the time a body has been submerged post mortem [13] , the association in our study was time-stratified, which simply caused the odds ratio to increase with the same p-value, indicating association between pleural effusion and salt water submersions. Yorulmaz et al. [12] likewise found larger amounts of pleural effusion in salt water submersions, but no significant association of pleural effusion in fresh water submersions. In addition to time as part of the putrefaction process, pleural effusion has also been correlated to other causes of deaths than drowning, such as acute cardiac death and asphyxiation [16, 17] .
Yorulmaz et al. [12] investigated increase in pleural fluid as a sign of drowning by comparing a group of drowning cases with a group of non-drowning cases. The non-drowning cases died from strangulation, stabbing and intoxication. The mean amount of pleural effusion in the drowning cases was 705 ml compared to 90 ml in the non-drowning cases.
Kringsholm et al. found various amounts of pleural effusion in the drowning cases investigated, but no incidence of pleural effusion within controls, that where dead by gunshots. An interesting development of this study could be to compare the amount of pleural effusion in the drowning cases with the amount in cases with other causes of death.
The autopsy findings are relatively inconsistent. Emphysema was seen in 92 (68.1%) of cases. This is a relatively frequent occurrence, which could be interesting regarding autopsy findings in drowning. It is however difficult to determine whether the emphysema was present before the drowning or caused by the drowning (emphysema aquosum). Klysner et al. [18] and Kohlhase et al. [19] have discussed this. Fluid in paranasal sinuses was quite often not noted in the data, possibly because of missing examination, missing registration or no CT-scan.
Part of the data was missing due to putrefaction and/or destruction of the tissue owing to the time spent in water. In addition to that, the autopsy findings can depend on the individual examiner. Concerning the weight of the organs, a gender-distribution has been done in the analysis of lung and spleen weights, to take account for the majority of men in this study.
This study only includes drowning deaths where an autopsy has been performed, and is thus based on a selected material. All drowning deaths 
CONCLUSION
The majority of drowning victims examined at the Department of Forensic
Medicine University of Aarhus 2006-2015 were males, of which many had a positive alcohol analysis. This study found no significant association between water type of submersion and amount of pleural effusion, lung weight, spleen weight, adipocere or bulging lungs. However, a significant association between the presence of pleural effusion and water type cannot be discounted. The average lung weight was relatively high compared to standard weights.
